Abstract
Helicobacter pylori has been categorised as a group 1 carcinogen in humans by the International Agency for Research on Cancer (IARC) 1 and the World Health Organisation (WHO). 2 Many studies have noted an association between particular strains of H pylori and the development of gastric cancer. In Western countries, infection with a virulent H pylori strain is recognised to be associated with the development of gastric cancer. Infection with an H pylori strain possessing the cytotoxin associated gene A (cagA) causes enhanced gastric epithelial proliferation and apoptosis. 3 Recent serological studies have shown that CagA seropositivity is associated with an increased risk of atrophic gastritis and gastric cancer. 4 5 Vacuolating cytotoxin (VacA), encoded by the vacA gene, induces cytoplasmic vacuolation in eukaryotic cells. 6 VacA production has been associated with the development of atrophic gastritis. 7 Divergency in the vacA gene has been also examined and H pylori strains with the vacA s1a/m1 genotype are associated with enhanced gastric inflammation. 8 9 However, in Japan, where most H pylori are of the vacA s1a/m1, cagA positive genotype, strain diversity has not been associated with gastric cancer. 10 11 Therefore, other factors might contribute to the development of gastric cancer in patients infected with H pylori.
Recent interest has been focused on the host responses to infection with H pylori. Chronic gastritis induced by H pylori infection usually progresses to atrophic gastritis, which is a well known risk factor for gastric cancer. Gastric mucosal integrity is maintained by cell loss (apoptosis) balanced with cell proliferation. Because severe atrophic gastritis is usually seen in the background mucosa of patients with gastric cancer, the balance of gastric epithelial cell turnover is possibly altered. Although increased gastric epithelial apoptosis and/or cell proliferation are induced by infection with H pylori, [12] [13] [14] [15] diVerent strains have been shown to have varying degrees of eVect on gastric epithelial apoptosis and proliferation. 3 Consequently, to study diVerences in host responses, H pylori should be of the same genotype. However, no study has compared epithelial cell turnover in patients with gastric cancer with that seen in patients with chronic gastritis by means of a case control study where all patients are infected with the same H pylori genotype.
To compare gastric mucosal responses to infection with H pylori between patients with gastric cancer and chronic gastritis, we examined the grade of gastritis and gastric epithelial cell turnover in a case control study matching the cagA and vacA genotype of the infected strain. We also examined the relation of gastric epithelial cell proliferation and apoptosis to the histological grades of gastritis to understand the mechanism of development of atrophic gastritis and gastric cancer.
Materials and methods

PATIENTS
Patients with cancer and control subjects were selected from patients who were scheduled for upper gastrointestinal endoscopy for routine screening for gastric cancer at Hirosaki University Hospital. We excluded patients who had received anti-ulcer agents or antibiotics for up to two months before the examination and those who had histories of gastric cancer, gastric or duodenal ulcer, or gastric surgery. All patients provided informed consent before endoscopy. Patients with cancer were enrolled into our study when their diagnosis was histologically confirmed. Control subjects were eligible if their endoscopic diagnosis was normal, or if atrophic gastritis was present without any evidence of ulceration. Gastric biopsy specimens were taken for H pylori culture, histological analysis, and studies of epithelial cell turnover. In patients with gastric cancer, biopsy specimens were taken at least 2 cm away from the tumours. Thirty two patients with early gastric cancer (age range, 43-74 years; mean age, 60; 21 men and 11 women) and 32 sex and age matched control subjects were enrolled into our study.
Biopsy specimens were cultured for three to five days on Skirrow blood agar at 37°C. The selected clones were suspended in 1 ml phosphate buVered saline (PBS; pH 7.6) for DNA extraction. The presence of the cagA gene and the allelic variation of the vacA gene was determined by the polymerase chain reaction (PCR) using previously described primers. 16 17 Patients with cancer and control subjects were eligible if they were infected with a cagA positive, vacA s1/m1 strain. 10 11 Our study was approved by the ethics committee of Hirosaki University.
HISTOLOGICAL ANALYSIS
Biopsy specimens from the antrum and the corpus of the stomach were embedded in paraYn wax, and stained with haematoxylin-eosin and with the Warthin-Starry method. Mononuclear cell infiltration, polymorphonuclear cell infiltration, glandular atrophy, intestinal metaplasia, and the density of H pylori were graded from 0 to 3, according to the updated Sydney system, 18 by an experienced pathologist. The intraobserver reproducibility was assessed on 30 antral biopsy specimens used in our study. The calculated value was 0.81 for the grade of glandular atrophy and similar values were seen for other histological features. A full histological diagnosis of the tumour type and stage was undertaken on resected specimens, and the gastric cancer was classified into intestinal type or diVuse type according to the Lauren system. 19 Histologically, 26 patients had intestinal type gastric cancer and six patients had diVuse type gastric cancer.
DETERMINATION OF APOPTOSIS
A characteristic of apoptosis is the stepwise degradation of DNA by endonucleases, resulting in many short fragments of double stranded DNA. Apoptotic cells can be identified by incorporating labelled nucleotides into the 3' free hydroxyl ends using terminal deoxynucleotidyl transferase and visualising them histochemically, by means of terminal uridine deoxynucleotide nick end labelling (TUNEL). 20 According to this principle, apoptotic cells were stained with the apoptosis detection kit (Oncor, Gaithersburg, USA). ParaYn wax embedded gastric mucosal specimens were cut at 4 µm and mounted on to microscope slides. The specimens were washed with xylene and ethanol to remove paraYn wax, rinsed with Tris buVer (pH 7.4), and digested for 15 minutes at room temperature with 40 µg/ml proteinase K (Sigma, Poole, Dorset, UK). After washing with Tris buVer and blocking of endogenous peroxidase with 3% H 2 O 2 for 30 minutes, sections were incubated with digoxigenin-dUTP at 37°C for one hour. Detection of incorporated digoxigenin was carried out with antidigoxigeninperoxidase conjugated antibody. The sections were washed with buVered saline, stained in 0.05% diaminobenzidine hydrochloride (DAB) solution for five minutes, and counterstained in haematoxylin for five seconds. After dehydration with xylene, the sections were mounted under a glass coverslip. The numbers of positive cells in 10 whole glands were counted at three levels from the same biopsy of each patient, and this was considered to be the apoptotic index.
DETERMINATION OF CELL PROLIFERATION
Ki-67 is a nuclear antigen that is expressed at all stages of the cell cycle, apart from G0, and the anti-Ki-67 antibody, MIB-1, is useful for the analysis of cell proliferation in paraYn wax embedded sections. 21 Cell proliferation in gastric epithelium was examined by the Ki-67 labelling index. The specimens were dewaxed and microwaved (Bio-Rad H2500) in 0.01 M citrate buVer for 20 minutes. The MIB-1 antibody was applied and the slides were incubated at 4°C for 14 hours. The specimens were stained using a streptavidin-biotin technique. The number of positive cells/100 gastric mucosal epithelial cells was counted in three sections (finally 300 cells were counted) and the mean number was considered to be the proliferation index.
STATISTICAL ANALYSIS
The Mann-Whitney U test was used to compare the grade of histological features of gastritis. The two tailed t test was performed to examine the diVerence in the apoptotic index and the cell proliferation index between cancer patients and control subjects. Spearman's correlation coeYcient was calculated to examine the correlation between the grade of gastritis and gastric epithelial cell turnover. A p value of less than 0.05 was considered significant.
Results
HISTOLOGICAL ANALYSIS
All patients and control subjects studied were infected with a virulent H pylori strain (vacA s1/m1, cagA positive genotype). Biopsy specimens were obtained from all patients for histological analysis. Table 1 summarises the grades of histological features in the antrum and the corpus. Helicobacter pylori was present histologically in all patients. In the antral mucosa, the grade of glandular atrophy and intestinal metaplasia was significantly higher in patients with gastric cancer than in control subjects (p < 0.05 and p < 0.01, respectively). The grades of mononuclear cell infiltration, polymorphonuclear cell infiltration, and H pylori density were not significantly diVerent. In contrast, in the corpus mucosa, mononuclear cell infiltration was significantly higher in patients with gastric cancer (p < 0.05). No significant diVerences were observed in other histological features. In patients with intestinal type gastric cancer, the grade of atrophy was significantly higher than that in control subjects (p < 0.01). Intestinal metaplasia was also significantly more severe in patients with intestinal type gastric cancer than in control subjects in both the antrum (p < 0.01) and the corpus (p < 0.05). Intestinal metaplasia was seen in 19 patients with intestinal type gastric cancer; 10 were of the incomplete type and nine were of the complete type. In two patients with diVuse type gastric cancer, one had incomplete and another had complete type metaplasia. Intestinal metaplasia was also seen in 10 control subjects; four were incomplete and six were of the complete type. The proportion of incomplete and complete intestinal metaplasia was similar between the groups.
EPITHELIAL CELL PROLIFERATION AND APOPTOSIS
Sections for the calculation of the apoptotic index were available in 16 patients with intestinal type gastric cancer, four patients with diVuse type gastric cancer, and their matched controls. In the antral mucosa, the mean (SEM) apoptotic index was 1.04 (0.33) in patients with intestinal type gastric cancer, 1.42 (0.77) in patients with diVuse type gastric cancer, and 0.62 (0.19) in control subjects. In the corpus mucosa, it was 0.65 (0.21) in patients with intestinal type gastric cancer, 0.41 (0.32) in diVuse type gastric cancer, and 0.20 (0.07) in control subjects. The mean apoptotic index was higher in patients with intestinal type gastric cancer compared with that seen in control subjects in the corpus (p <0.05; fig 1) . The TUNEL labelled apoptotic bodies were seen only in gastric epithelial cells and not in metaplastic cells. The mean cell proliferation index was highest in the antrum of patients with gastric cancer when increased intestinal metaplasia was present. However, the cell proliferation index was not significantly diVerent between the groups. In patients with intestinal type gastric cancer, the mean (SEM) cell proliferation index was 6.98 (2.36) in the antrum and 8.60 (2.37) in the corpus. In patients with diVuse type gastric cancer, the mean (SEM) cell proliferation index in the antrum and the corpus were 4.58 (2.16) and 6.93 (4.09), respectively. In control subjects, these values were 6.50 (1.93) in the antrum and 5.46 (1.55) in the corpus.
CORRELATION OF GASTRITIS SCORE WITH PROLIFERATION AND APOPTOSIS
The associations between grade of gastritis, proliferation, and apoptosis were examined. Because the apoptotic index was zero in the corpus mucosa of most control subjects and the number of patients with diVuse type cancer was too small, no correlation was found. In the antrum of control subjects, the apoptotic index correlated significantly with the grade of glandular atrophy (fig 2) . However, correlations between grade of gastritis and either cell proliferation or apoptosis were not significant. 
Discussion
In our study, we examined the diVerences in gastric mucosal responses to H pylori infection by means of a case control study where all patients were infected with the same genotype.
The correlations between the grade of gastritis, gastric epithelial cell proliferation, and apoptosis were also studied. Many studies have examined the risk factors for gastric cancer. Among them, atrophic gastritis and intestinal metaplasia are well recognised to increase the risk of gastric cancer. The risk increases with the degree and the extent of atrophic gastritis. [22] [23] [24] In our study, although the H pylori density was not significantly diVerent between patients with cancer and control subjects, glandular atrophy and intestinal metaplasia were significantly more severe in patients with gastric cancer than in controls. Mononuclear cell infiltration was also significantly higher in patients with gastric cancer in the corpus, whereas there was no significant diVerence in the antrum. These results might be a consequence of the extent of atrophic gastritis and intestinal metaplasia in the antrum. Atrophic gastritis is considered to be a result of chronic active gastritis; once severe glandular atrophy has developed, intestinal metaplasia occurs, accompanied by a reduction of H pylori density. This results in a reduction in inflammatory cell infiltration. In general, more pronounced inflammation is induced by H pylori in the antrum than in the corpus. 25 In our study, however, severe glandular atrophy and intestinal metaplasia might have contributed to the reduced inflammatory infiltrate in the antrum of patients with gastric cancer.
Increased apoptosis and/or insuYcient cell proliferation of the gastric epithelium might cause glandular atrophy. Previous studies have reported that infection with H pylori increased the number of apoptotic cells in the gastric mucosa. 12 13 In our study, an increased apoptotic index was found in patients with gastric cancer. Gland crypt length might vary with the degree of glandular atrophy. Because a higher apoptotic index was seen in patients with gastric cancer, despite the fact that glandular atrophy was more severe, the apoptotic index might be greater if the index was calculated on the basis of the number of epithelial cells. In contrast, gastric epithelial cell proliferation was not significantly diVerent between patients with gastric cancer and controls. These findings suggest that epithelial cell proliferation could be insuYcient to balance the increased cell loss in patients with gastric cancer. Furthermore, there was a positive correlation between the apoptotic index and the grade of glandular atrophy. Thus, the increase of apoptotic cells might play an important role in the development of glandular atrophy. 26 Several studies have reported that VacA impairs gastric epithelial cell migration and proliferation. 27 28 Because all patients with cancer and controls in this study were infected with an H pylori strain associated with the production of VacA, epithelial cell proliferation was possibly inhibited both in patients with gastric cancer and in control subjects. This mechanism might play a role in the development of atrophic gastritis observed in control subjects.
In our study, a higher proliferation index was seen in gastric mucosa where intestinal metaplasia was observed, although the diVerence was not significant. Because proliferation has been shown to be greater in gastric mucosa with intestinal metaplasia than in mucosa with gastritis only, 29 30 the presence of intestinal metaplasia might contribute to the diVerences in epithelial cell proliferation seen in our study. Proliferating cells are known to be sensitive to mutagenic factors. The results were consistent with the fact that gastric cancer occurs frequently in mucosa with intestinal metaplasia.
Gastric cancer has been associated with infection with H pylori. 1 2 Our results suggest possible roles for H pylori infection in the development of gastric cancer. The presence of atrophic gastritis increases the risk of gastric cancer, which increases with the degree and the extension of atrophy. 24 In our study, infection with H pylori induced more severe glandular atrophy and subsequent intestinal metaplasia in patients with gastric cancer. Helicobacter pylori infection could act as a promoter for gastric cancer, through the development of atrophic gastritis and intestinal metaplasia. On the other hand, increased DNA damage in gastric epithelium induced by H pylori has been associated with the development of gastric cancer. 31 32 Apoptosis detected by the TUNEL technique shows DNA breaks in nuclei, which results from the elimination of severely damaged DNA. 20 Our data showed more apoptotic epithelial cells in patients with gastric cancer than in control subjects, suggesting that increased DNA damage might occur in the gastric epithelium of patients with gastric cancer. Therefore, H pylori infection might also be an initiator of gastric cancer, by inducing gastric epithelial DNA damage.
Our study was retrospective and thus we could not preclude the possibility that patients with cancer might have longer standing gastritis than control subjects. However, the results suggest several factors that might be involved in gastric carcinogenesis in patients infected with virulent H pylori strains. Infection with H pylori induces more severe gastric mucosal inflammation, resulting in enhanced DNA damage in patients with gastric cancer. In response to DNA damage, apoptosis of gastric epithelial cells occurs with insuYcient cell proliferation, which might be inhibited by the presence of VacA. It follows that atrophic gastritis is more extensive in patients with gastric cancer than in subjects with chronic gastritis. DiVerences in the extent of mucosal inflammation, which might be associated with increased gastric epithelial DNA damage, and the extent of atrophic gastritis possibly contribute to the development of gastric cancer. 
